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FOREWORD 


The  material  presented  in  this  report  was  authorized  by 
Air  Research  and  Development  Command  Technical  Instruction 
No.  2207-30.  Work  was  initiated  as  a  project  of  Wright  Air 
Development  Center  under  Service  Engineering' Order  S- 102-54, 
entitled,  "Retrofit  Installation  of  Radio  Set  AN/ARC- 27  in 
USAF  Aircraft".  The  project  was  administered  under  the  di¬ 
rection  of  Components  and  Systems  Laboratory  of  Weapons  Com¬ 
ponents  Division,  with  Major  William  F.  Sandusky  acting  as 
PROJECT  ENGINEER  AND  2ND  Lt.  ROBERT  C.  LOLLAR  ACTING  AS 
ASSISTANT  PROJECT  ENGINEER.-  FLIGHT  TESTS  WERE  CONDUCTED  AT 

W'right-Patterson  Air  Force  Case  during  the  period  between 
20  February  1952  and  14  March  1952. 

Included  among  those  who  cooperated  in  the  tests  were 
Messrs.  R.  T.  Downey,  C.  W.  Guelzow,  E.  L.  Carton,  W.  E. 

Lug  inbuhl,  all  members  of  Components  and  Systems  Laboratory, 
Wright  Air  Development  Center,  and  1st  Lt.  W.  A.  Ross, 
Fighter  Flight  Test  Section,  Flight  Test  Division,  Wright 
Air  Development  Center. 

This  report  is  the  third  in  a  series  on  ultra  high 

FREQUENCY  ANTENNA  FLIGHT  TESTS  CONDUCTED  ON  VARIOUS  FIGHTER 

aircraft.  WADC  Technical  Report  No.  52-70,  "Evaluation  of 
Installation  of  UHF  Tail  Cap  Antenna  in  F-94A  Aircraft", 
and  WADC  Technical  Report  No.  52-104,  "Evaluation  of  Instal¬ 
lation  of  UHF  Tail  Cap  Antenna  in  F-89  Type  Aircraft"  are 

THE  FIRST  AND  SECOND  REPORTS,  RESPECTIVELY,  OF  THE  SERIES. 


V 


J 
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ABSTRACT 


An  ultra  high  frequency  tail  cap  antenna  which  was  fabricated 
AND  INSTALLED  ON  AN  F-86A  AIRCRAFT  BY  NORTH  AMERICAN  AVIATION,  INC., 
was  subjected  to  flight  tests  as  outlined  in  Military  Specification 
MIL-A-6224,  "Antenna  for  UI!F  Airborne  Communications  Equipment, 
General  Specification  for  Design  of".  The  antenna  was  tested  on 
ULTRA  HIGH  FREQUENCIES  OF  229-2,  3 16.2,  AND  385*6  MEGACYCLES  FOR 
RANGE,  AUDIO  QUALITY,  AND  SIGNAL  STRENGTH,  BOTH  AIR-TO-AIR  AND  AIR- 
TO-GROUND. 

The  tests  revealed  that  although  there  are  some  areas  of  low 

SIGNAL  STRENGTH  FOUND  FORWARD  OF  THE  NOSE  AND  BENEATH  THE  WINGS  OF 
THE  AIRCRAFT,  THE  ANTENNA  PROVIDES  SATISFACTORY  COMMUNICATIONS, 

BOTH  AIR-TO-AIR  AND  AIR-TO-GROUND.  THE  RADIO  FREQUENCY  INPUT  SIG¬ 
NAL  STRENGTH  TO  THE  ANTENNA  WAS  GREATER  AT  ALL  TIMES  THAN  THREE 
MICROVOLTS,  WHICH  WAS  DETERMINED  BY  COMPONENTS  AND  SYSTEMS  LABORA¬ 
TORY  TO  BE  THE  MINIMUM  ACCEPTABLE  SIGNAL  STRENGTH  INPUT  FOR  ADEQUATE 
COMMUNICATION  RECEPTION.  MAXIMUM  RANGE  OF  THE  ANTENNA  WAS  FOUND  TO 
BE  260  STATUTE  MILES  WHILE  FLYING  ON  AN  AZIMUTH  HEADING  OF  l80° 

FROM  THE  GROUND  TEST  STATION  AND  TRANSMITTING  AT  A  FREQUENCY  OF 
229.2  MEGACYCLES,  AND  240  STATUTE  MILES  WHILE  FLYING  ON  AN  AZIMUTH 
HEADING  OF  l80°  FROM  THE  GROUND  TEST  STATION  AND  TRANSMITTING  AT 
FREQUENCIES  OF  3^6.2  AND  385*6  MEGACYCLES.  At  ALL  OTHER  AZIMUTH 
HEADINGS,  THE  MAXIMUM  USABLE  RANGE  WAS  FOUND  TO  BE  210  STATUTE 
MILES  AT  ALL  THREE  TEST  FREQUENCIES. 

'  The  TITLE  OF  THIS  REPORT  IS  UNCLASSIFIED. 

PUBLICATION  REVIEW 

This  report  has  been  reviewed  and  is  approved. 

FOR  THE  COMMANDING  GENERAL: 


Colonel,  IJ3AF 

Acting  Chief,  Weapons  Components  Division 
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INTRODUCTION 


Preliminary  tests  conducted  on  ultra  high  frequency  tail  cap  antennas  by 
civilian  contractors  have  indicated  that  such  antennas,  when  installed  in  USAF 
aircraft,  have  poor  distribution  in  the  forward  hemisphere.  This  condition  was 
reported  to  be  particularly  bad  in  the  region  from  0  to-30°  below  the  nose  of 
the  aircraft. 

First  tests  to  be  made  by  Wright  Air  Development.  Center  on  standard  ultra 
high  frequency  antennas  were  conducted  on  an  ultra  high  frequency  tail  cap 
antenna  installed  on  an  F-94A  aircraft,  (WADC  TR  No,  52-70,  "Evaluation  of 
Installation  of  UHF  Tail  Cap  Antenna  in  F-94A  Aircraft"),  Next,  tests  were 
conducted  on  an  ultra  high  frequency  tail  cap  antenna  installed  on  an  F-89C 
aircraft,  (WADC  TR  No.  52-104,  "Evaluation  of  Installation  of  UHF  Tail  Cap 
Antenna  in  F-89  Type  Aircraft"). 

Further  tests  were  conducted  on  a  standard  ultra  high  frequency  tail  cap 
antenna,  North  Anerican  Aviation  Part  No.  161-23310-51,  which  was  installed  on 
an  F-86A  aircraft  by  North  American  Aircraft,  Inc..  Flight  tests  were  conducted 
at  Wright-Patterson  Air  Force  Base  during  the  period  between  20  February  1952 
and  14  March  1952. 

Since  the  structure  and  the  radio  installation  of  the  F-86E  aircraft  are 
similar  to  the  structure  and  radio  installation  of  the  F-86A,  the  results 
obtained  from  the  tests  on  the  F-86A  will  apply  to  the  F-86E,  also. 

It  is  believed  that  the  information  obtained  from  these  tests  will  be  of 
assistance  to  other  agencies  concerned  with  the  design,  installation,  and  test 
of  ultra  high  frequency  antennas,  and  with  the  tactical  utilization  of  the  F-86A 
and  E  airplanes. 


INSTALLATION 


Installation  of  Equipment  in  Airplane 

The  ultra  high  frequency  radio  set  AN/ARC-33  and  the  ultra  high  frequency 
tail  cap  antenna,  North  American  Aviation  Part  No.  161-23310-51,  were  installed 
as  a  production  change  in  an  F-86A,  AF  Serial  No.  48-253.  The  change  consisted 
of  the  removal  of  radio  set  AN/ARC-3  and  the  associated  cabling,  wiring,  and 
antenna,  and  the  installation  of:  (l)  Receiver-Transmitter  RT  173/ARC-33  in 
approximately  the  same  location  in  the  radio  compartment  as  were  the  Receiver 
R-77/ARC-3  and  Transmitter  T-67/ARC-3,  (2)  radio  set  control  panel  C-784/ARC-33 
in  the  cockpit  section,  and  (3)  the  associated  wiring,  terminal  panels,  junction 
boxes,  and  ultra  high  frequency  tail  cap  antenna.  North  American  Aircraft  Part 
No.  161-23310-51. 
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Receiver-Transmitter  RT-173/ARC-33  was  connected  to  the  ultra  high  frequency 
tail  cap  antenna  by  approximately  20  feet  of  RG-9/U  and  15  feet  of  RG-87/U  high- 
temperature  teflon  radio-frequency  coaxial  cable.  The  tail  cap  antenna  was 
located  in  the  tip  of  the  vertical  stabilizer  and  was  contained  within  a  plastic 
housing.  Figures  1  through  4  show  relative  positions  of  the  old  and  new  types  of 
radio  equipment  installed  in  the  F-86  aircraft.  The  position  of  the  ultra  high 
frequency  tail  cap  antenna  on  the  vertical  stabilizer  tip  is  shown  in  figure  5* 

Installation  of  Ground  Test  Station 

Ground  station  equipment  radio  set  AN/GRC-27  consisted  of  one  Radio 
Transmitter  T-217/GR  (  )  having  an  indicated  power  output  of  100-125  watts,  and 
one  Radio  Receiver  R-278/GR  (  ;  having  a  sensitivitv  of  1  l/2  to  2  1/2  microvolts. 
The  antenna  which  was  used  was  antenna  AS-505/GR  (  ),  commonly  called,  "Squirrel 
Cage  UHF  Antenna".  The  antenna  was  mounted  70  feet  above  the  ground  and  connected 
to  the  AN/GRC-27  ground  installation  by  an  80-foot  frequency  cable  RG-17A/U. 

The  radio  frequency  signal  intensities  were  measured  across  the  automatic 
volume  control  to  the  ground  In  the  Radio  Receiver  R— 278/GR  by  means  of  a  vacuum 
tube  voltmeter.  This  voltage  was  then  reduced  to  receiver  input  voltage  by  a 
calibrated  signal  source  (Signal  Generator  Hewlett-Packard  Model  608 A)  to  produce 
the  same  automatic  volume  control  to  ground  voltage.  The  relation 

Ein  =  K 
Eout 

was  used  to  obtain  the  conversion  factor  by  which  signal  intensities,  across 
the  automatic  volume  control  to  ground,  were  reduced  to  receiver  input  intensity. 

BENCH,  PREFLIGHT,  AND  FLIGHT  TESTS 


Bench  and  Preflight  Tests 

Radio  Set  AN/ARC-33  was  bench  and  preflight  tested  essentially  in 
accordance  with  the  tentative  USAF  Specification  MIL-R-723S,  "Radio  Set 
AN/ARC-33,  Bench,  Preflight,  and  Flight  Test  of".  The  only  deviation  made  from 
the  specification  was  that  the  squelch  circuit  on  the  Receiver-Transmitter 
RT-173/ARG-33  was  completely  turned  off.  This  was  done  to  obtain  more  reliable 
signal  strength  recordings  at  the  ground  test  station.  Otherwise,  the  AN/ARG-33 
was  tested  in  accordance  with  the  specification  and  was  found  to  meet  the 
requirements  stated  therein. 

Flight  Tests 

1.  General : 


The  evaluation  of  the  ultra  high  frequency  tail  cap  antenna  was  based 
upon  flight  test  configurations  as  outlined  in  Specification  MIL-A-6224, 
entitled  "Antenna  for  UHF  Airborne  Communications  Equipment,  General  Specification 
for  Design  of".  The  only  deviation  from  the  specification  was  to  permit  even 
more  comprehensive  tests  than  those  required  by  the  specification.  The  three 
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assigned  test  frequencies  for  all  flight  tests  were  229.2,  316.2,  and  385.6 
megacycles.  Flight  configurations  which  were  flown  were  straight-line  tests, 
clover-leaf  patterns,  36-sided  skid  turn  patterns,  maximum  range  tests,  and 
air-to-air  tests. 

2.  Straight-Line  Tests: 

The  flight  test  pattern  for  the  straight-line  tests  is  shown  in  figure 
6,  and  Flight  Test  Record  No.  1  (P. 11)  is  the  detailed  description  of  the  flight. 
The  F-86A  climbed  to  an  altitude  of  40*000  feet  and  assumed  a  180-degree  heading 
to  the  ground  test  station  AF5XX  directly  below.  The  pilot  then  notified  the 
ground  station  when  he  was  at  this  position,  and  proceeded  to  fly  on  this  heading 
for  50  nautical  miles,  reporting  to  the  ground  station  every  30  seconds,  while 
holding  the  carrier  wave  on  for  approximately  three  seconds.  After  reaching  the 
50-nautical  mile  point,  the  pilot  executed  a  180-degree  turn  and  repeated  the 
same  procedure  on  a  0-degree  heading.  This  test  was  made  for  all  assigned  test 
frequencies. 

Results  of  the  straight-line  tests,  shown  in  figures  7,  8,  and  9, 
indicate  that  the  signal  strength  recordings  were  never  below  the  acceptable 
three-  microvolt  minimum.  At  both  headings,  when  the  aircraft  was  in  an  area  of 
from  one  to  two  nautical  miles  from  the  ground  test  station  AF5XX,  there  was  a 
pronounced  amount cf  garbling  which  made  communication  extremely  variable.  This 
condition  of  garbling  did  not  prevail  directly  over  the  ground  test  station  as  ' 
it  did  in  both"  the  F-94A  and  F-89C  tests,  which  probably  can  be  attributed  to  the 
swept-back  configuration  of  the  empennage  section  of  the  aircraft.  Communication 
was  of  a  high  degree  of  intelligibility  at  all  other  aircraft  positions. 

3.  Clover-Leaf  Patterns: 

The  typical  flight  pattern  used  to  conduct  the  clover-leaf  tests  is 
illustrated  in  figure  10.  (This  figure  shows  a  45-degree  pattern,  while  the 
tests  included  only  30-degree  clover-leaf  patterns.)  The  purpose  of  the  clover- 
leaf  tests  was  to  determine  signal  strength  data  and  the  quality  of  communication 
at  various  azimuth  headings  and  elevation  angles  to  the  ground  test  station. 

Tests  were  conducted  at  five  different  elevation  angles  from  the  ground  station, 
and  all  three  assigned  test  frequencies  were  used  in  each  flight  pattern. 

Flight  Test  Record  No.  2  (P.l6)  is  the  individual  record  of  the  pattern 
flown  at  the  relatively  high  elevation  angle  of  30  degrees.  Figures  11,  12,  and 
13  are  the  antenna  signal  strength  plots  for  the  three  test  frequencies  of 
229.2,  316.2,  and  385.6  megacycles,,  respectively.  Although  the  antenna  signal 
strength  plots  indicate  a  slight  nose  null  at  all  test  frequencies,  the  results 
show  that  at  no  time  were  the  recordings  below  the  acceptable  three-microvolt 
minimum,  and  communication  was  of  a  high  quality  throughout  the  tests. 

Flight  Test  Record  Mo,  3  (P.  21)  is  the  detailed  description  of  the 
30-degree  clover-leaf  pattern  flown  at  the  elevation  angle  of  20  degrees,  and 
figures  14,  15,  and  16  are  the  signal  strength  plots  for  each  of  the  three  test 
frequencies.  These  plots  show  that  although  a  slight  nose  null  still  existed,  a 
more  symmetrical  pattern  vms  obtained  than  was  obtained  in  the  test  flown  at  a 
30-degree  elevation  angle. 
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Flight  Test  Record  No.  4  (P.25)  is  the  detailed  report  of  the  30-degree 
clover-leaf  pattern  flovn  at  an  elevation  angle  of  10  degrees.  Figures  17,  18, 
and  19  show  the  antenna  signal  strength  plots  for  the  tests  flown  at  229.2,  316.2, 
and  385.6  megacycles,  respectively.  Results  again  indicated  that  a  shadowing  of 
the  antenna  occurs  off  the  nose  of  the  aircraft,  although  the  signal  strength 
recordings  were  above  the  three-microvolt  acceptable  minimum  at  all  times. 

The  detailed  information  of  the  30-degree  clover-leaf  patterns  flown  at  the 
low  elevation  angles  of  2.35  and  1.1  degrees  is  recorded  in  flight  test  record 
No.  5,  (P.29).  Figures  20,  21,  and  22  are  the  antenna  signal  strength  plot 
patterns  for  the  pattern  flown  at  the  2.35-degree  elevation  angle,  and  figures 
23,  24,  and  25  are  those  flown  at  the  1.1-degree  elevation  angle.  The  results 
of  these  tests  indicated  that  the  antenna  signal  strengths  were  well  above  the 
three-microvolt  acceptable  minimum  at  all  azimuth  headings  for  both  elevation 
angles. 

4.  36-Sided  Skid  Turn  Patterns; 

Figure  26  illustrates  the  typical  flight  pattern  used  for  the  36-sided 
skid-turn  pattern  tests,  and  figures  27,  28,  and  29  are  the  antenna  signal 
strength  plots  for  the  three  assigned  test  frequencies,  229.2,  316.2,  and  385.6 
megacycles,  respectively.  These  tests  were  conducted  to  further  investigate  the 
antenna  radiation  pattern  at  the  low  elevation  angle  of  1.1  degrees  which  was 
previously  checked  by  flying  a  30-degree  clover-leaf  pattern.  Detailed 
information  for  this  flight  is  recorded  in  flight  test  record  No.  6,  (P.36).  The 
results  obtained  when  these  36-sided  skid  turn  patterns  were  being  flown  agree 
with  those  recorded  for  the  30-degree  clover-leaf  patterns  in  that  a  slight  nose 
null  was  evident  on  all  three  test  frequencies,  although  the  signal  strength 
recordings  were  above  the  three-microvolt  minimum  at  all  times. 

5.  Maximum  Ranee  Tests: 

Maximum  range  tests  were  conducted  to  determine  the  maximum  two-way 
communication  range  of  the  ultra  high  frequency  tail  cap  antenna  used  in 
conjunction  with  radio  set  AN/ARC-33  installed  on  an  F-86A  aircraft.  Detailed 
information  of  the  flight  is  recorded  in  flight  test  record  No.  7,  (P.41). 

The  pilot  flew  at  an  altitude  of  35,000  feet  at  a  180-degree  heading 
from  the  ground  station  AF5XX,  maintaining  continuous  contact  with  the  station 
until  the  transmitted  signal  received  at  the  station  was  just  less  than  three 
microvolts.  At  this  point,  the  pilot  executed  a  180-degree  turn  and  flew  a 
0-degree  heading  to  the  station  until  the  three-microvolt  signal  level  was 
reached. 


The  maximum  usable  range  of  the  ultra  high  frequency  tail  cap  antenna 
on  the  F-86A  aircraft  was  found  to  be  260-statute  miles  with  a  180-degree  heading 
to  the  station  at  229.2  megacycles,  240-statute  miles  at  a  180-degree  heading  to 
the  station  at  both  316.2  and  385.6  megacycles,  and  210-statute  miles  for  all 
other  azimuth  headings  to  the  ground  station  at  all  three  test  frequencies. 
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6,  Air-to-Air  Test: 

The  flight  pattern  used  for  the  air-to-air  tests  is  shown  in  figure  30. 
The  airborne  test  station,  which  was  an  F-89C  aircraft  equipped  with  an  ultra 
high  frequency  tail  cap  antenna,  flew  a  35-mile  radius  circle  around  the  ground 
test  station  at  an  altitude  of  35,000  feet  (see  Fig.  30,  track  A).  The  F-86A 
airplane  being  tested  was  flown  at  an  altitude  of  15,000  feet  in  a  7  l/2-mile 
radius  circle  over  a  ground  reference  point  which  was  35  miles  from  the  ground 
test  station  (see  Fig.  30,  track  B).  The  pilots  of  the  two  aircraft  maintained 
continuous  two-way  conversation  with  each  o.ther,  reporting  their  locations  and 
headings  at  all  times.  The  ground  test  station  recorded  the  conversation  on 
tape.  This  pattern  was  flown  for  the  three  assigned  test  frequencies.  A  de¬ 
tailed  account  of  the  test  is  shown  in  Flight  Test  Record  No.  8,  (P.  42  ). 

Results  of  this  test  revealed  that  the  quality  and  strength  of 
communication  were  very  good  at  all  times.  It  is  important  to  note  that  the 
squelch  circuit  on  the  Receiver-Transmitter  RT-173/ARC-33  was  cut  off  as 
described  in  the  section  entitled  ’’Bench  and  Preflight  Tests"  of  this  report, 

(P.  2). 


CONCLUSIONS 


Results  of  the  flight  tests  can  be  summarized  as  follows: 

A.  The  ultra  high  frequency  tail  cap  antenna  as  installed  in  F-86A 
and  E  aircraft  and  used  in  conjunction  with  Radio  Set  AN/ARC-33  provides  satis¬ 
factory  two-way  communication  throughout  the  entire  frequency  band  of  the  ultra 
high  frequency  communications  equipment,  at  all  ground  station  to  aircraft 
elevation  angles,  at  all  azimuth  headings,  and  in  all  positions  of  other  aircraft 
above  the  F-86A  and  E  aircraft. 

B.  It  must  be  noted  that  it  is  most  important  to  thoroughly  check 
the  ground  station  antenna  pattern  to  determine  the  areas  of  low  sensitivity 
resulting  from  improper  antenna  height  and  ground  reflections. 

RECOMMENDATIONS 

It  is  recommended  that  the  ultra  high  frequency  tail  cap  antenna.  North 
American  Part  No,  161-23310-51,  be  installed  on  all  F-86A  and  E  aircraft. 
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Right-Hand  Console  with  Control  Panel  C-holj/ARC-J  Installed 
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Fig.  2.  Right-hand  Console  with  Control  Panel  C-784/ARC-33  Installed 
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Fig,  3.  Installation  of  Transmitter  T-67/ARC-3  and  Receiver  R-77/ARC-3  on  the  Retractable  Radio  Support 
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Fig.  4.  Installation  of  Receiver-Transmitter  RT-173/ARC-33  on  Retractable  Radio  Support 
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Vertical  Tip  Assembly.  (1)  Housing  for  UHF  Tail  Cap  Antenna 
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FLIGHT  TEST  RECORD  NO.  1 

Airplane  Type  and  N0...F-86A.  Project .. ,UHF  Tail  Cap  Antenna 

AF  No.. 48-253  Evaluation,  Straight  Line  Tests 


Flight  No . 1 

E.O.  No . S-102-54 

Date.... 26  February  1952 

Time.... 

Take-off. ...... 

..0901 

Location. ..... Local 

Landing.  ••....< 

►.1104 

Max.  Altitude.... 40. 000  ft. 

Total  Blight.... 2+03 

Total  on  Equip.. 2+03 

Weather, . VFR 

Pilot.. 1st  Lt. 

W.  A. 

Equipment  under  Test:  Receiver-Transmitter  RT-173/ARC-33  in  conjunction  with 
the  ultra  high  frequency  tail  cap  antenna  as  installed  in  an  F-86A  aircraft. 

Purpose  or  Description  of  Flight:  To  obtain  signal  strength  data  and  to  check 
on  the  quality  of  two-way  communication  off  the  nose  and  tail  of  the  aircraft 
at  various  elevation  angles  from  ground  test  station  AF5XX. 


Test  Procedure  and/or  Flight  Program t  The  pilot  climbed  to  40,000  ft.  and 
assumed  a  position  directly  over  the  ground  test  station  AF5XX.  At  this  point, 
the  pilot  notified  the  ground  test  station,  then  proceeded  to  fly  1B0°  from  the 
station,  reporting  every  30  seconds.  This  procedure  continued  until  the  aircraft 
was  50  nautical  miles  from  the  ground  test  station,  where  the  pilot  executed  a 
180°  turn  and  flew  a  0°  heading  to  the  ground  test  station,  again  reporting 
every  30  seconds.  The  ground  test  station  recorded  the  signal  strengths 
received.  This  test  was  conducted  at  test  frequencies  of  229.2,  316.2,  and 
385.6  megacycles. 


Test  Data  and/or  Results:  The  signal  strength  recordings  were  good  throughout 
the  three  frequencies  tested  at  all  elevation  angles  to  the  ground  test  station. 
Communication  was  excellent  during  the  tests  except  at  points  between  one  and 
two  miles  of  the  ground  station  where  garbling  occurred. 
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Fig.  6.  Straight  Line  Tests  to  and  front  Ground  Test  Station 


BD  ss  Actual  Flight  Path  of  Aircraft 
M  =  50  Nautical  Mile  s 

H  =  Altitude  of  Flight  Path  =  1(1,000  ft. (Pressure) 
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Fig.  7.  Straight-Line  Tests  to  and  from  Ground  Test  Station 

229.2  Megacycles 


KEY 

-----  Nose  Heading 
_ _  Tail  Heading- 

Aircraft  -  F-86A  AF  No.  48-253  Pilot  -  Lt.  1.  A.  Ross 

Date  -  12  March  1952  Operator  -  W.  E.  Luginbuhl 
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Fig.  8.  Straight-Line  Tests  to  and  from  Ground  Test  Station 

316.2  Megacycles 


KEY 

-  -  -  -Nose  Heading 
_ .Tail  Heading 

Aircraft  -  F-86A  AF  No.  48-253  Pilot  -  Lt.  W.  A.  Ross 

Date  -  12  March  1952  Operator  -  W.  E.  Luginbuhl 
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RANGE  -  NAUTICAL  MILES 


Fig.  9.  Straight-Line  Tests  to  and  from  Ground  Test  Station 

385.6  Megacycles 


KEY 

-  -  -  -  -Nose  Heading 
_ Tail  Heading 

Aircraft  -  F-86A  AF  No.  48-253  Pilot  -  Lt.  W.  A.  Ross 

Date  -  12  March  1952  Operator  -  W.  E.  Luginbuhl 
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FLIGHT  TEST  RECORD  NO.  2 


Airplane  Type  and  No. . .F-86A, 
AF  No. 48-253 

Flight  No . 2 

Date..... 26  February  1952 

Location. . , . .Local 

Max.  Altitude.... 40. 000  ft. 

Weather . VFR 


Project. ,  .UHF  Tail  Cap  Antenna 
Evaluation,  30°  Clover  Leaf 
Pattern  Tests 

E.O.  No . S-102-54 


Time. . . . 

Take-off . 1230 

Landing. ....... .1345 


Total  Flight.... 1+15 
Total  on  Equip.. 1+15 
Pilot.. 1st  Lt.  W.A.  Ross 


Equipment  under  Test:  Receiver-Transmitter  RT-173/ARC-33  in  conjunction  with 
the  ultra  high  frequency  tail  cap  antenna  as  installed  in  an  F-86A  aircraft. 

Purpose  or  Description  of  Flights  To  obtain  signal  strength  recordings  and  to 
check  the  quality  of  two-way  communication  while  flying  at  various  azimuth  bear¬ 
ings  and  at  an  elevation  angle  of  30°  to  the  ground  test  station  AF5XX. 


Test  Procedure  and/or  Flight  Program:  The  pilot  climbed  to  40>000  ft.  at  a 
point  12.5  nautical  miles  from  ground  station  AF5XX,  flew  a  30°  clover  leaf  pat¬ 
tern  over  this  point,  and  reported  to  the  ground  test  station  on  every  leg  of 
the  pattern  over  the  ground  reference  point.  The  ground  station  recorded  the 
signal  strength  data.  This  test  was  conducted  at  test  frequencies  of  229.2, 
316.2,  and  385.6  megacycles. 


Test  Data  and/or  Results :  The  signal  strength  recordings  were  good,  and  all 
were  above  the  acceptable  three  microvolt  minimum.  The  quality  of  the  two-way 
communication  was  good  at  all  three  test  frequencies. 
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TEST  STATION 


Fig.  10.  Clover-Leaf  Test  Pattern 
h  m  Altitude  of  flight  pattern 

d  *  Distance  of  ground  reference  point  to  ground  test  station 
8  ■  Arc  tan  m  ground  station  to  aircraft  elevation  angle 


GROUND 


NOTE:  Pattern  illustrated  is  a  k5°  Clover-Leaf,  while  the 
patterns  flown  for  the  subject  tests  were  30°  Clover-Leaf, 
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Fig.  12  30°  Clover-Leaf  Pattern,  316.2  Megacycles,  Elevation  Angle  30° 

Scale :  1  Division  =  2  Microvolts 


Antenna  Type  -  Tail  Cap 
Aircraft  -  F-86A  AF  No.  48-253 
Altitude  -  40,000  ft.  (Pressure) 
Distance  -  12.5  nautical  miles 
Date  -  26  February  1952 


Pilot  -  1st  Lt.  W.  A.  Ross 
Operator  -  W.  E.  Lugiribuhl 
Remarks  -  Good  two-way 
communication  throughout 
entire  flight  pattern 
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Fig.  13  30°  Clover-Leaf  Pattern,  385.6  Megacycles,  Elevation  Angle  30° 

Scale:  1  division  »  2  Microvolts 


Antenna  Type  -  Tail  Cap 
Aircraft  -  F-86A  AF  No.  48-253 
Altitude  -  40,000  ft. (Pressure) 
Distance  -  12.5  nautical  miles 
Date  -  26  February  1952 


Pilot  -  1st  Lt,  W.  A.  Ross 
Operator  -  W.  E.  Luginbuhl 
Remarks  -  Good  two-way 
communication  throughout 
entire  flight  pattern 
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FLIGHT  TEST  RECORD  NO.  3 


Airplane  Type  and  No. . . .F-86A, 
AF  No.. 48-253 


Flight  No . 3 

Date. ...... .27  February  1952 

Location . .  .Local 


Max.  Altitude . 40,000  ft. 

Weather. ....... vFK 


Pro.iect...UHF  Tail  Cap  Antenna 
Evaluation,  30°  Clover  Leaf 
Pattern  Tests 

E.O.  No . S-102-54 


Time.... 

Take-off . ..0825 

Landing......... 1015 


Total  Flight.... It55 
Total  on  Equip.. It55 
Pilot.. 1st  Lt.  W.  A.  Ross 


Equipment  under  Test:  Receiver-Transmitter  RT-173/ARC-33  in, conjunction  with 
the  ultra  high  frequency  tail  cap  antenna  as  installed  in  an  F-86A  aircraft 


Purpose  or  Description  of  Flight;  To  obtain  signal  strength  data  and  to  check 
the  quality  of  two-way  communication  at  various  azimuth  bearings  and  at  a  20° 
elevation  angle  to  the  ground  test  station. 


Test  Procedure  and/or  Flight  Program:  The  pilot  climbed  to  40,000  ft.  and  flew 
to  a  point  20  nautical  miles  from  ground  station  AF5XX.  This  point  was  the 
ground  reference  point  where  30°  clover-leaf  patterns  were  flown  at  the  three 
test  frequencies  of  229.2,  316.2,  and  385.6  megacycles.  The  pilot  reported  to 
the  ground  test  station  on  each  leg  of  each  pattern  over  the  ground  reference 
point.  The  ground  test  station  recorded  the  signal  strength  data. 


Test  Data  and/or  Results:  The  signal  strength  recordings  were  all  well  above 
the  acceptable  three-microvolt  minimum,  and  the  quality  of  communication  at  all 
times  was  very  good. 
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Fig.  14  30°  Clover-Leaf  Pattern,  229.2  Megacycles,  Elevation  Angle  20 


Scale:  1  Division  =  4  Microvolts 


Antenna  Type  -  Tail  Cap 
Aircraft  -  F-86A  AF  No.  43-253 
Altitude  -  40,000  ft.  (Pressure) 
Distance  -  20  nautical  miles 
Date  -  26  February  1952 


Pilot  -  1st  Lt.  W.  A.  Ross 
Operator  -  W.  E,  Lugiribuhl 
Remarks  -  Good  two-way 
communication  throughout 
entire  flight  pattern 


WADC  TR  52-144  22 

RESTRICTED 


RESTRICTED 


Fig.  15  30°  Clover- Leaf  Pattern,  316.2  Megacycles,  Elevation  Angle  20° 

Scale:  1  Division  =  2  Microvolts 


Antenna  Type  -  Tail  Cap 
Aircraft  -  F-S6A  AF  No.  48-253 
Altitude  -  40,000  ft.  (Pressure) 
Distance  -  20  nautical  miles 
Date  -  26  February  1952 


Pilot  -  1st  Lt,  W.  A.  Ross 
Operator  -  W,  E,  Luginbuhl 
Remarks  -  Good  tvo-vay 
communication  throughout 
entire  flight  pattern 
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PLIGHT  TEST  BECOHD  NO.  4 


Airplane  Type  and  No . . . F-86A 

AF  No.. 48-253 

Flight  No, 

Date . 

,27  February  1952 

Location. , 

Max.  Altitude.... 35. 000  ft. 

Weather. . . 

,...VFR 

Project ..  .UHF  Tall  Cap  Antenna 
Evaluation,  30°  Clover-Leaf 
Pattern  Tests 

E.O.  No. .... .S-102-54 


Time.. .... 

Take-off . 1500 

Landing . 1615 


Total  Flight.... 1+15 
Total  on  Equip. .1+15 
Pilot.. 1st  Lt.  W.  A.  Ross 


Equipment  under  Test:  Receiver-  Transmitter  RT-173/ARC-33  in  conjunction  with 
the  ultra  high  frequency  tail  cap  antenna  as  installed  in  an  F-86A  aircraft. 


Purpose  or  Description  of  Flight;  To  obtain  signal  strength  data,  and  to  check 
the  quality  of  two-way  communication  at  various  azimuth  bearings  and  at  an 
elevation  angle  of  10°  from  the  ground  test  station. 


Test  Procedure  and/or  Flight  Program:  The  pilot  climbed  to  35, OCX)  ft.  and  flew 
to  a  point  33  nautical  miles  from  the  ground  test  station  AF5XX.  Using  this 
point  as  a  ground  reference  point,  the  pilot  flew  30°  clover-leaf  patterns  at 
229.2,  316.2,  and  385.6  megacycles,  and  reported  the  azimuth  heading  to  the 
ground  test  station  on  each  leg  of  each  pattern.  The  ground  station  recorded 
the  signal  strength  data. 


Test  Data  and/or  Results:  The  recorded  signal  strengths  were  all  above  the 
minimum  acceptable  strength  of  three  microvolts,  and  the  quality  of  the  two-way 
communications  was  very  good  at  all  times. 
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Fig.  17  30°  Clover-Leaf  Pattern,  229.2  Megacycles,  Elevation  Angle  10° 


Scale:  1  Division  =  4  Microvolts 


Antenna  Type  -  Tail  Cap 
Aircraft  -  F-86A  AF  No.  48-253 
Altitude  -  35,000  ft.  (Pressure) 
Distance  -  34  nautical  miles 
Date  -  2 8  February  1952 


Pilot  -  1st  Lt.  W.  A.  Ross 
Operator  -  W.  E.  Lugiribuhl 
Remarks  -  Good  two-way 
communication  throughout 
entire  flight  pattern 


WADC  TR  52-044  .  26 

RESTRICTED 


RESTRICTED 


Fig.  18  30°  Clover-Leaf  Pattern,  316.2  Megacycles,  Elevation  Angle  10 

Scalei  1  Division  -  4  Microvolts 

Antenna  Type  —  Tail  Cap  Pilot  —  1st  Lt,  W.  A.  Ross 

Aircraft  -  F-86A  AF  No.  48-253  Operator  -  W.  E.  Luginbuhl 

Altitude  -  35,000  ft.  (Pressure)  Remarks  -  Good  two-way 

Distance  -  34  nautical  miles  communication  throughout 

Date  -  28  February  1952  entire  flight  pattern 
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Fig.  19  30°  Clover-Leaf  Pattern,  385.6  Megacycles,  Elevation  Angle  10° 

Scales  1  Division  =  2  Microvolts 


Antenna  Type  -  Tail  Cap 
Aircraft  -  F-86A  AF  No.  4&r253 
Altitude  -  35,000  ft,  (Pressure) 
Distance  -  34  nautical  miles 
Date  -  23  February  1952 


Pilot  -  1st  Lt,  V.  A.  Ross 
Operator  -  W.  E.  Lugiribuhl 
Remarks  -  Good  tvo-vay 
communication  throughout 
entire  flight  pattern 
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FLIGHT  TEST  RECORD  HO.  5 


Airplane  Type  and  N0...F-86A 

AF  No.. 48-253 

FJAshtjfo, 

Date. . . . . , 

,28  February  1952 

Location. . 

.....Local 

Mblx*  Altitude. . . .6.000  ft. 

Weather... 

,...VFR 

Project... UHF  Tail  Cap  Antenna 
Evaluation,  30°  Clover-Leaf 
Pattern  Tests 

E.O.  No . S-102-54 


Time.... 

Take-off . 0813 

Landing. •••••••• 0945 


Total  Flight.... 1+32 
Total  on  Equip. .1+32 
Pilot. .1st  Lt.  W.  A.  Ross 


Bqulment  under  Test:  Receiver-Transmitter  HT-173/ARC-33  in  conjunction  with 
the.  ultra  high  frequency  tail  cap  antenna  as  installed  in  an  F-86A  aircraft. 


Purpose  or  Description  of  Flight:  To  obtain  signal  strength  data  and  to  check 
the  quality  of  two-way  conaaunication  at  various  azimuth  bearings  and  at  the  two 
elevation  angles  of  2.35°  and  1.1°  from  the  ground  test  station. 


Test  Procedure  and/or  Flight  Program:  The  pilot  climbed  to  an  altitude  of 
6,000  ft.  and  flew  30°  clover-leaf  patterns  at  the  three  test  frequencies  of 
229.2.  316.2,  and  385.6  megacycles  at  distances  of  20  and  40  nautical  miles 
from  the  ground  test  station.  The  pilot  reported  the  azimuth  heading  on 
each  leg  of  each  pattern  over  the  ground  reference  points  and  ground  station 
AF5XX  recorded  the  signal  strength  data. 


Test  Data  and/or  Results;  The  results  revealed  that  the  radiation  pattern  of 
the  tail  cap  antenna  at  all  test  frequencies,  azimuth  headings,  and  the  two 
elevation  angles,  was  well  above  the  three-microvolts  acceptable  minimum.  The 
quality  of  communications  was  good  at  all  times  during  the  test  flights. 
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Fig,  20  30°  Clover-Leaf  Pattern,  229*2  Megacycles,  Elevation  Angle  2,35 

Scale:  1  Division  «  4  Microvolts 


Antenna  Type  -  Tail  Cap 
Aircraft  -  F-36A  AF  No,  48-253 
Altitude  -  6,000  ft,  (Pressure) 
Distance  -  20  nautical  miles 
Date  -  26  February  1952 


Pilot  -  1st  Lt,  W,  A,  Ross 
Operator  -  W.  E,  Luginbuhl 
Remarks  -  Good  two-way 
communication  throughout 
entire  flight  pattern 
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Fig.  21  30°  Clover^ Leaf  Pattern, 

Seale :  1  Divi 

Antenna  Type  -  Tail  Cap 
Aircraft  -  F-86A  AF  No.  48-253 
Altitude  -  6,000  ft.  (Pressure) 
Distance  -  20  nautical  miles 
Date  -  26  February  1952 


.2  Megacycles,  Elevation  Angle  2.35° 
s  4  Microvolts 

Pilot  -  1st  Lt.  W.  A.  Ross 
Operator  -  W.  E.  Luginbuhl 
Remarks  -  Good  two-way 
communication  throughout 
entire  flight  pattern 
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Fig.  22  30°  Clover-Leaf  Pattern,  385.6  Megacycles,  Elevation  Angle  2.35° 

Scale:  1  Division  =  4  Microvolts 


Antenna  Type  -  Tail  Cap 
Aircraft  -  F-86A  AF  No.  48-253 
Altitude  -  6, OCX)  ft,  (Pressure) 
Distance  -  20  nautical  miles 
Date  -  26  February  1952 


Pilot  -  1st  Lt.  W.  A.  Ross 
Operator  -  W.  E.  Lubinbuhl 
Remarks  -  Good  two-way 
communication  throughout 
entire  flight  pattern 
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Fig.  23  30°  Clover-Leaf  Pattern,  229.2  Megacycles,  Elevation  Angle  1.1 


Scale:  1  Division  =  4  Microvolts 


Antenna  Type  -  Tail  Cap 
Aircraft  -  F-86A  AF  No.  48-253 
Altitude  -  '6,000  ft.  (Pressure) 
Distance  -  40  nautical  miles 
Date  -  26  February  1952 


Pilot  -  1st  Lt.  W.  A.  Ross 
Operator  -  W.  E.  Luginbuhl 
Remarks  -  Good  two-way 
communication  throughout 
entire  flight  pattern 
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Fig.  24  30°  Cloven-Leaf  Pattern,  316.2  Megacycles,  Elevation  Angle  1.1° 

Scale:  1  Division  =  4  Microvolts 


Antenna  Type  -  Tail  Cap 
Aircraft  -  F-86A  AF  No.  48-253 
Altitude  -  6,000  ft.  (Pressure) 
Distance  -  40  nautical  miles 
Date  -  26  February  1952 


Pilot  -  1st  Lt.  W.  A.  Ross 
Operator  -  W.  E.  Luginbuhl 
Remarks  -  Good  two-way 
communication  throughout 
entire  flight  pattern 
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Fig.  25  30°  Clover-Leaf  Pattern,  385.6  Megacycles,  Elevation  ingle  1.1° 

Scale:  1  Division  ■  4  Microvolts 


Antenna  Type  -  Tail  Cap 
Aircraft  -  F-86A  AF  No.  48-253 
Altitude  -  6,000  ft.  (Pressure) 
Distance  -  40  nautical  miles 
Date  -  26  February  1952 


Pilot  -  1st  Lt.  W.  A.  Ross 
Operator  -  V.  E.  Luginbuhl 
Remarks  -  Good  two-way 
communication  throughout 
entire  flight  pattern 
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FLIGHT  TEST  RECORD  NO.  6 


Airplane  Type  and  No. , . F-86A 

AF  No.. 48-253 

Flight  No . 6 

Date.... 28  February  1952 

Location. . . . . .Local 

Max.  Altitude _ 11.000  ft. 

Weather . VFR 


Project... UHF  Tail  Cap  Antenna 
Evaluation,  36-Sided  Skid  Turn 
Patten  Tests 

E.O.  No . S- 102- 54 


Time.... 

Take-off . 1320 

Landing. . .1435 


Total  Flight.... 1+15 
Total  on  Equip. .1+15 
Pilot.. 1st  Lt.  W.  A.  Ross 


Equipment  under  Test:  Receiver-Transmitter  RT-173/ARC-33  in  conjunction  with 
the  ultra  high  frequency  tail  cap  antenna  as  installed  in  an  F-86A  aircraft. 


Purpose  or  Description  of  Flight:  To  obtain  signal  strength  data  and  to  check 
the  quality  of  two-way  communication  at  various  azimuth  headings  and  at  a  low 
elevation  angle  of  1.1°  from  the  ground  test  station  AF5XX. 


Test  Procedure  and/or  Flight  Program:  The  pilot  climbed  to  11,000  ft.  and  flew 
to  a  ground  reference  point  of  86  nautical  miles  from  the  ground  test  station 
AF5XX.  Over  this  point  the  pilot  flew  36-sided  skid  turn  patterns,  using  the 
test  frequencies  of  229.2,  316.2,  and  385.6  megacycles.  The  ground  test  station 
recorded  the  signal  strength  data. 


Test  Data  and/or  Results;  The  test  data  revealed  that  although  some  slight 
null  areas  did  exist  forward  of  the  nose  and  off  the  wings  of  the  aircraft, 
the  signal  strength  recordings  were  well  above  the  three-microvolt  minimum, 
and  the  quality  of  communications  was  good  at  all  times. 
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Fig.  26.  ^6-Sided  Skid  Turn  Test  Pattern 
h  m  Altitude  of  flight  pattern 

d  b  Distance  of  ground  reference  point  to  ground  test  station 
6  =  Arc  tan  — a  ground  station  to  aircraft  elevation  angle 
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Fig.  27  36-Sided  Skid  Turn  Pattern,  229.2  Megacycles,  Elevation  Angle  1.1° 

Scale:  1  Division  =  2  Microvolts 


Antenna  Type  -  Tail  Cap 
Aircraft  -  F-86A  AF  No.  48-253 
Altitude  -  11,000  ft.  (Pressure) 
Distance  -  86  nautical  miles 
Date  -  7  March  1952 


Pilot  -  1st  Lt.  W.  A.  Ross 
Operator  -  W.  E,  Luginbohl 
Remarks  -  Good  two-way 
communication  throughout 
entire  flight  pattern 
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Fig.  29  36-Sided  Skid  Turn  Pattern,  385.6  Megacycles,  Elevation  Angle  1.1° 

Scale:  1  Division  =  2  Microvolts 


Antenna  Type  -  Tail  Cap 
Aircraft  -  F-86A  AF  No.  4 8-253 
Altitude  -  11,000  ft.  (Pressure) 
Distance  -  86  nautical  miles 
Date  -  7  March  1952 

WADC  TR  52-144 


Pilot  -  1st  Lt.  W.  A.  Ross 
Operator  -  W.  E.  Luginbuhl 
Remarks  -  Good  two-way 
communication  throughout 
entire  flight  pattern 
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FLIGHT  TEST  RECORD  NO.  7 


Aimlane  Type  and  N0...F-86A 

fljgfet.  ife. 

AF  No.. 48-253 

Date . 

,28  February  1952 

LgSfrtjQB. « 

> • • • #Loc&l 

Max.  Altitude _ 35.000  ft. 

Weather... 

,  ...VFR 

Pro-1ect...UHF  Tail  Cap  Antepna 
Evaluation,  Maximum  Rang©  Tests 

E.O.  No . .S-102-54 


Time . 

Take  off.. . 1500 

Landing . 1618 


Total  Flight.... 1+18 
Total  on  Equip..  1-+18 
Pilot.. 1st  Lt.  W.  A.  Ross 


Equipment  under  Test:  Receiver-Transmitter  ET-173/ARC-33  in  conjunction  with 
the  ultra  high  frequency  tail  cap  antenna  as  installed  in  an  F-86A  aircraft. 


Purpose  or  Description  of  Flight:  To  determine  the  maximum  two-way  communication 
range  of  the  ultra  high  frequency  tail  cap  antenna. 


Test  Procedure  and/or  Flight  Program:  The  pilot  climbed  to  35,000  ft.,  flew  a 
course  180°  from  the  ground  test  station  AF5XX,  reporting  positions  at  frequent 
intervals,  and  flew  this  heading  until  the  ground  station  reported  that  the 
three-microvolt  minimum  signal  strength  had  been  received,  thus  determining  the 
maximum  range  with  a  tail  bearing  to  the  ground  test  station.  Then  the  pilot 
executed  a  180°  turn  and  flew  until  the  ground  station  reported  that  the  three - 
microvolt  minimum  had  been  reached,  thus  determining  the  maximum  range  with  a 
nose  bearing  to  the  ground  test  station.  This  test  was  conducted  at  all  three 
test  frequencies,  229.2,  316.2,  and  335.6  megacycles. 


Test  Data  and/or  Results; 
Frequency 

229.2  me 

316.2  me 
335.6  me 
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The  maximum  usable  ranges  of  the  antenna  are  as  follows: 


Azimuth  Bearing 
to  AF5XX 

180° 

All  others 
180° 

All  others 
180° 

All  others 

RESTRICTED 


Max.  Range  in 
Statute  Miles 

260 

210 

240 

210 

240 

210 
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FLIGHT  TEST  RECORD  NO.  8 


Airplane  Type  and  No. . .F-86A, 
AF  No.. 48-253 

Flight  No . 8 

Date.... A  March  1952 
Location. ... Local 
Max.  Altitude.... 35. 000  ft. 
Weather. .... .  VFR 


Project... UHF  Tail  Cap  Antenna 
Evaluation,  Air-to-Air  Tests 

E.O.  No . S-102-54 


Time...... 

Take-Off . 0930 

Landing . 1110 


Total  Flight. . . .1+40 
Total  on  Equip.  .1+- 40 
Pilot. ,1st  Lt.  W.  A.  Ross 


Equipment  under  Test:  Receiver-Transmitter  RT-173/ARC-33  in  conjunction  with 
the  ultra  high  frequency  tail  cap  antenna  as  installed  in  an  F-86A  aircraft. 


Purpose  or  Description  of  Flight:  To  determine  the  strength  and  quality  of  two- 
way  communication  above  the  F-86A  at  various  azimuth  headings  and  distances. 
This  was  accomplished  by  using  an  F-89C  aircraft  equipped  with  a  tail  cap 
antenna  as  the  airborne  test  station. 


Test  Procedure  and/or  Flight  Program:  The  F-89C  flew  a  70-mile  diameter  circle 
at  35,000  ft.  over  ground  test  station  AF5XX.  The  F-86A  flew  a  15-mile  diameter 
circle  at  15,000  ft.,  and  at  a  distance  of  35  miles  from  the  ground  test  station. 
The  pilots  of  the  two  aircraft  maintained  continuous  radio  contact  with  each 
other  and  the  ground  test  station  recorded  the  conversation  on  tape.  This  test 
was  conducted  at  the  three  test  frequencies  of  229.2,  316.2,  and  385.6 
megacycles . 


Test  Data  and/or  Results :  The  strength  and  quality  of  the  two-way  communication 
were  very  satisfactory  at  all  test  frequencies  throughout  the  flight  patterns. 
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Fig.  30.  Air-to-Air  Test  Pattern 


A  -  Track  of  F-89C  airborne  test  station 
B  -  Track  of  F-86A  aircraft  under  test 

h  ■  35*000  ft.  (Pressure) 
h'  =  15,000  ft.  (Pressure) 
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DISTRIBUTION  LIST 

Cvs  ACTIVITIES  AT  W-P  AFB  Cys  Activities 

4  BAGR-CD,  ATTN:  Mrs.  D.  Martin  1  AF  Engineering  Field 

1  WCAPP  Representative 

2  DSC-SA  Code  1110,  Naval  Research  Lab. 

ATTN:  Lt.  Col.  M.  N. Abramovich 

2  MCMMGT  Washington  25,  D.  C. 

2  MCMMGR,  ATTN:  Mr.  Mlchaelson  5  Commanding  General 


2  MCPPAA43 

5  WCEN 

1  WCENE-4 

1  WCEOS,  ATTN:  Dr.  P.  B.  Taylor 

3  WCEOT-1 

1  WCER,  ATTN:  Mr.  George  Rappaport 

1  WCERD 

25  WCESO-2. 

2  WSRR  (For  RAND  Corp.) 

5  WCSWF 

OTHER  DEPT.  OF  DEFENSE  ACTIVITIES 

Air  Force 

10  Commanding  General 

Air  Research  and  Development 
Command 
ATTN:  RDOL 
P.  0.  Box  1395 
Baltimore  1,  Mary land 

1  Director  of  Research  and 

Development 
Headquarters,  USAF 
Washington  25,  D.  C. 


Edwards  Air  Force  Base, 
California 

5  Commanding  Officer 

Holloman  Air  Force  Base 
New  Mexico 

1  Commanding  General 

Air  Proving  Ground  Command 
ATTN:  Class.  Tech  Data  Br  D/OI 
Eglin  Air.  Force  Base,  Florida 

10  Commanding  General 

Strategic  Air  Command 
ATTN:  Operations  Analysis 
Office 

Offutt  Air  Force  Base 
Nebraska 

10  Commanding  General 

Tactical  Air  Command 
Langley  Air  Force  Base, 

Virginia 

1  Commanding  General 

Air  Force  Cambridge  Research 
Center 

ATTN:  ERRS-3 
230  Albany  Street 
Cambridge  39,  Massachusetts 

1  Commanding  General 

Rome  Air  Development  Center 
ATTN:  ENR 

Griffiss  Air  Force  Base, 

Rome,  New  York 
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DISTRIBUTION  LIST  Cont'd 


Cys  Activities 

1  Director 

Mr  University  Library 

ATTN:  Req.  CR-399 8 

Maxwell  Air  Force  Base,  Alabama 

t 

10  Director  of  Communications  and 
Electronics 
Air  Defense  Command 
ATTN:  AC&W  Coordinating  Div. 
Ent  Mr  Force  Base 
Colorado  Springs,  Colorado 

1  Washington  AF  Eng  Field  Office 
Room  4949,  Main  Navy  Bldg., 
Department  of  the  Navy 
Washington  25,  D.  C. 

Amy 

2  Commanding  Officer 

Signal  Corps  Eng  Laboratory 
ATTN :  Technical  Reports 
Library 

Fort  Monmouth,  New  Jersey 

1  OCSigO  (SIGGD) 

Engineering  and  Technical  Div. 
Washington  25,  D.  C. 

Navy 

3  Bureau  of  Aeronautics  General 

Representative 

Consolidated-Vultee  Aircraft 
Corp. 

San  Diego  12,  California 
For  Processing  to  Ryan 
Aeronautical  Company 

1  Bureau  of  Aeronautics  General 
Representative 
Chance-Vought  Aircraft  Div. 
United  Aircraft  Corp. 

Naval  Industrial  Reserve  Plant 
Dallas , -  Texas 


Cys  Activities 

1  Bureau  of  Aeronautics  General 
Representative 
Cornell  Aeronautical  Lab. 

Box  235' 

Buffalo,  New  York 

1  Bureau  of  Aeronautics  General 
Representative 

Goodyear  Aircraft  Corporation 
1210  Massillon  Road 
Akron  15,  Ohio 

1  Chief,  Bureau  of  Ordnance 
Department  of  the  Navy 
ATTN:  Code  AD-3 
Washington  25,  D.  C. 

1  Chief,  Bureau  of  Ships 
Department  of  the  Navy 
ATTN:  Technical  Data  Section 
Washington  25,  D.  C. 

1  Chief  of  Naval  Operations 
Department  of  the  Navy 
ATTN :  0P-42-B2 

Washington  25,  D.  C. 

1  Commander 

U.  S.  Naval  Ordnance  Laboratory 
Silver  Spring  19,  Maryland 

Chief  of  Naval  Research 
Department  of  the  Navy 
Washington  25,  D.  C. 

6  ATTN:  Planning  Div.,  Code  N-482 
1  ATTNs  Elec.  Section,  Code  427 

1  Commander 

U.  S.  Naval  Air  Development  Center 
ATTN :  Electronics  Laboratory 
Johnsville,  Pennsylvania 
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DISTRIBUTION  LIST  Cont'd 


Cvs  Activities 

1  Commander 

U.  S.  Naval  Ordnance  Test 
Station 

Inyokem,  China  Lake,  California 

1  CO  &  Director 

U.  S.  Navy  Electronics 
Laboratory 

San  Diego  52,  California 

1  Conmander 

U.  S.  Naval  Air  Missile  Test 
Center 

Point  Mugu,  California 

2  Director 

U.  S.  Navy  Electronics 
Laboratory 

ATTN:  Dr.  T.  J.  Keary,  Code 
230 

Point  Loma,  San  Diego  52, 
California 

1  Director 

U.  S.  Naval  Research  Laboratory 
ATTN:  Technical  Data  Section 
Washington  25,  D.  C. 

1  Superintendent 

U.  S.  Naval  Academy 
Post  Graduate  School 
Annapolis,  Maryland 

Research  and  Development  Board 

1  Conmittee  on  Electronics, 

Research  and  Development  Board 
ATTN:  Secretary,  Panel  on 
Radiation  Systems 
National  Defense  Building 
Washington  25,  D,  C. 

2  Research  and  Development  Board 
Library  Branch,  Info.  Offices 
ATTN:  C.  R.  Flagg,  Rm  3D1041 

The  Pentagon 
Washington  25,  D.  C, 
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1  Mr.  L.  G.  DeBay 

Ballistic  Research  Laboratory 
Aberdeen  Proving  Ground 
Maryland 

1  Dr.  Roy  C.  Spencer 

Air  Force  Cambridge  Research 
Center 

230  Albany  Street 
Cambridge  39,  Massachusetts 

1  Dr.  J.  I.  Bohnert 

D.  S.  Naval  Research 
Laboratory 
Washington  25,  D.  C. 

2  Dr.  A.  G.  McNish 

National  Bureau  of  Standards 
Washington  25,  D.  C. 

2  Mr.  H.  G.  Lindner 

Coles  Signal  Laboratory 
Red  Bank,  New  Jersey 

2  Mr.  0.  C.  Woodyard 

Evans  Signal  Laboratory 
Belmar,  New  Jersey 

3  Dr.  J.  V.  Granger 

Aircraft  Radiation  Systems 

Lab. 

Stanford  Research  Institute 
Stanford,  California 

2  Dr.  V.  H.  Rumsey 

The  Ohio  State  University 
Research  Foundation  . 

310  Administration  Building 
Ohio  State  University 
Columbus  10,  Ohio 

2 

Dr.  E.  C.  Jordan 
University  of  Illinois 
Urbana,  Illinois 
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Cyg  Activities 

Special  Projects 

1  Document  Room 
Project  LINCOLN 
Massachusetts  Inst,  of 

Technology 
P.  0.  Box  390 

Cambridge  39,  Msissachusetts 
ATTN:  Ethel  R.  Branz 

OTHERS 

2  Federal  Telecommunications 

Laboratory 

500  Washington  Avenue 
Nutley,  New  Jersey 

1  Airborne  Instruments  Lab.,  Inc. 

ATTN:  Mr.  E.  L.  Bock,  Antenna 
Section 

160  Old  Country  Road 
Mineola,  Long  Island,  New  York 

3  Antenna  Research  Laboratory,  Inc 
ATTN:  D.  C.  Cleckner 

797  Thomas  Lane 
Columbus  2,  Ohio 

1  Beech  Aircraft  Corporation 
ATTNs  Chief  Engineer 
6600  E.  Central  Avenue 
Wichita  1,  Kansas 

2  Bell  Aircraft  Corporation 
ATTN:  Chief  Engineer 

P.  0.  Box  1 
Buffalo,  New  York 

4  Boeing  Airplane  Company 
ATTN:  Chief  Engineer 
Wichita  Division 
Wichita  1,  Kansas 

2  Boeing  Airplane  Company 

ATTN:  Mr.  G.  Hollingsworth 
Seattle  Division 
Seattle  14,  Washington 


Cvs  Activities 

3  Chase  Aircraft  Co.,  Inc. 

ATTN:  Chief  Engineer 
DeCou  and  Parka way  Aves. 
Hangar  Building  34 
Mercer  County  Airport 
West  Trenton,  New  Jersey 

2  Consolidated-Vultee  Aircraft 

Corporation 
ATTN:  Chief  Engineer 
Fort  Worth  1,  Texas 

2  Consolidated-Vultee  Aircraft 

Corporation 
ATTN :  Chief  Engineer 
San  Diego  Division 
San  Diego,  California 

2  Dalmo  Victor  Company 

ATTN:  Mr.  Glenn  Walters 
1414  EL  C  amino  Real 
San  Carlos,  California 

1  Dorne  and  Margolin 
Grumman  Airfield 
Bethpage,  Long  Island,  New 

York 

2  Douglas  Aircraft  Company,  Inc 

ATTN:  Chief  Engineer 

3000  Ocean  Park  Blvd, 

Santa  Monica,  California 

2  Douglas  Aircraft  Company,  Inc 

ATTN:  Chief  Engineer 
3855  Lakewood  Blvd. 

Long  Beach,  California 

2  Douglas  Aircraft  Company,  Inc 

ATTN:  Chief  Engineer 
827  Lapbam  Street 
El  Segundo,  California 

1  Electronics  Research  Lab., 

Inc. 

Diamond  and  Kentucky  Avenue 
Science  Park 
Evansville  4,  Indiana 
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Cys  Activities 

3  Fairchild  Engine  and  Airplane 

Corp. 

ATTN:  Chief  Engineer 
Hagerstown,  Maryland 

3  Grumman  Aircraft  Eng.  Corp. 

ATTN:  Chief  Engineer 
Bethpage,  Long  Island,  New  York 

Hughes  Aircraft  Company 
Florence  Ave.  at  Teale  St. 
Culver  City,  California 
1  ATTN:  Dr.  L.  C.  VanAtta 

1  ATTN:  Mr.  N.  H.  Enenstein 

1  ATTN:  Mr.  John  T.  Milek 

5  Lockheed  Aircraft  Corporation 

ATTN:  Chief  Engineer 
2555  Hollywood  Way 
Burbank,  California 

3  McDonnell  Aircraft  Corp. 

ATTN:  Chief  Engineer 
P.  0.  Box  516 
Lambert  Municipal  Airport 
St.  Louis  3,  Missouri 

5  Bendix  Aviation  Corporation 

Radio  Division 
ATTN:  Mr.  R.  K.  Thomas 
E.  Joppa  Road 
Baltimore  4,  Maryland 

3  Glenn  L.  Martin  Company 

ATTN:  Mr.  Sanford  Hershfield 
Electronic  Section 
Baltimore  3,  Maryland 

2  North  American  Aviation,  Inc. 
Airplane  Plant 

ATTN:  Chief  Engineer 
4300  E.  Fifth  Avenue 
Columbus  16,  Ohio 


Cys  Activities 

North  American  Aviation,  Inc. 
International  Airport 
Los  Angeles,  California 
3  ATTN:  Engineering  Data  Sec. 

2  ATTN:  Dr.  J.  A.  Marsh 

Aerophysics  Lab, 

3  Northrop  Aircraft,  Inc. 

ATTN:  Chief  Engineer 
Hawthorne,  California 

2  Rand  Corporation 

ATTN :  -Librarian 
1500  4th  Street 
Santa  Monica,  California 

2  Raytheon  Mfg.  Co., 

ATTN:  Dr.  H.  L.  Thomas 
Waltham  54,  Massachusetts 

4  Republic  Aviation  Corp, 

ATTN:  Military  Contracts 

Dept. 

Farmingdale,  Long  Island, 

New  York 

1  Workshop  Associates,  Inc. 

66  Needham  Street 

Newton  Heights,  Massachusetts 

1  Andrew  Alford 

Consulting  Engineers 
299  Atlantic  Avenue 
Boston,  Massachusetts 

1  THRU: 

District  Chief 

Los  Angeles  Ordnance  Dist. 

35  N.  Raymond  Avene 
ffesadena  1,  California 
FOR: 

California  Inst,  of  Technology 
Jet  Propulsion  Lab. 

Pasadena,  California 
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Cys  Activities 

2  Johns  Hopkins  University 

ATTN:  Dr.  Wilkes 

Applied  Physics  Lab. 
8621  Georgia  Avenue 
Silver  Spring,  Maryland 

1  Massachusetts  Institute  of 

Technology 
ATTN:  Dr.  L.  J.  Chu 
Cambridge  39,  Massachusetts 

2  Polytechnic  Institute  of 

Brooklyn 

ATTN:  Dr.  A.  A.  Oliner 
55  Johnson  St.,  3rd  Floor 
Brooklyn,  New  York 

2  University  of  Illinois 

ATTN:  Prof.  A.  D.  Bailey 

Dept,  of  Elec.  Eng. 
Urbana,  Illinois 

University  of  Michigan 
Aeronautical  Research  Center 
Willow  Run  Airport 
Ypsilanti,  Michigan 

3  ATTN:  Dr.  R.  D.  0« Neill 

2  ATTN:  Mr.  L.  R.  Biaselle 

2  University  of  (klahoma 

Research  Foundation 
ATTN:  Dr.  C.  L.  Farrar 
Norman,  Oklahoma 
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